Reduced full-field electroretinogram (ERG) in a patient treated with methotrexate.
Introduction
Administration of certain oral medications is known to cause different ocular side-effects. Several comprehensive reviews of ocular toxicity caused by systemic medications have been published previously (Grant 1986; Fraunfelder & Meyer 1989; Imperia et al. 1989; Pavan-Langston & Dunkel 1991; Novack 1997; Soukasian & Raizman 2000) . Adverse ocular manifestations caused by certain drugs such as chloroquine and thioridazine have been extensively documented in the literature (Henkind et al. 1954; Hobbs et al. 1959; Bernstein & Ginsberg 1964; Davidorf 1973; Oshika 1995; Tekell et al. 1996) , and are therefore known to every ophthalmologist. However, the adverse ocular effects of several other drugs have not been reported. New medications are continuously introduced by the pharmaceutical industries, with a speed that makes it difficult to update the practising ophthalmologist on possible connections between ocular pathology and drug toxicity.
Previous studies have demonstrated adverse side-effects associated with methotrexate medication, mainly blepharitis, conjunctivitis, ocular burning and pain (Imperia et al. 1989) . A few studies have reported abnormalities of the retinal pigment epithelium and maculopathy on fundus inspection (Millay et al. 1986; Fishburne et al. 1997) , but there are, to our knowledge, no descriptions of retinal dysfunction verified with electroretinography (ERG) caused by methotrexate in humans. Velez et al. (2002) recently published a case report demonstrating unaffected ERGs after intravitreal injections of methotrexate. A previous study of rabbits treated with five single injections of methotrexate intravitreally demonstrated unaffected retinal function with ERG (Velez et al. 2001) .
At our department for patients with hereditary retinal degenerations at the University Hospital of Lund, we sometimes encounter patients with retinal dysfunction not caused by a genetic disorder. These patients are previously healthy subjects who have developed an acquired retinal dysfunction caused by systemic medication. We here present electrophysiological findings in a patient with acquired retinal dysfunction probably caused by methotrexate.
Methods
Ophthalmological examination included best corrected visual acuity (VA), slit-lamp inspection, dilated fundus examination and fundus photography. Kinetic perimetry was performed with a Goldmann perimeter using standardized objects I4E and V4E.
Full-field ERGs were recorded in a Nicolet analysis system (Nicolet Biomedical Instruments; Madison, Wisconsin, USA), after dark adaptation for 40 min, dilatation of the pupils with topical cyclopentolate 1% and metaoxedrine 10% and topical anaesthesia. A Burian Allen bipolar contact lens was used and a ground electrode was applied to the forehead. Responses were obtained with a wide band filter (À 3 dB at 1 Hz and 500 Hz) stimulating with single fullfield flash (30 ms) with blue light (Wratten filter nos. 47, 47A and 47B) and white light (0.81 cd-s/m 2 and 3.93 cd-s/m 2 ). Cone responses were obtained with 30 Hz flickering white light (0.81 cd-s/m 2 ) averaged from 20 sweeps. Recordings of the isolated cone responses were obtained without background illumination on the Ganzfield screen.
An electro-oculogram (EOG) was recorded in a Nicolet analysis system (Nicolet Biomedical Instruments; Madison, Wisconsin, USA), as described previously (Andre´asson et al. 1997) . Examination with multifocal ERG (mfERG) was conducted according to previous descriptions, with a stimulus pattern of 103 hexagons covering up to AE23 degrees of the visual field (Sutter & Tran 1992; Bearse & Sutter 1996) . The responses were measured by using a bipolar contact lens electrode attached to the eye.
Case Report
In January 1997 a 13-year-old boy was referred to our department because of low VA. At 5 years of age he had developed a psoriasis arthritis that was treated with methotrexate on a weekly basis during the following 8.5 years. He received a total dose of methotrexate of 2550 mg. During the first 14 months of treatment he received a dose of 7.5 mg methotrexate each week. During the remaining period, the dose was 5 mg/week (for 69 months) and 2.5 mg/ week (for 16 months). The patient was also given a daily dose of naproxene (250 mg) during this period, as well as a few intra-articular injections of steroids. There was no history of hereditary eye disorders in family members. The patient's rheumatologist had observed poor growth and his cardiologist had documented heart enlargement, which was suspected to be caused by a deposition of methotrexate in cardiac tissue. At the initial examination in January 1997, VA was reduced to 0.3 in both eyes (from 0.65 at 5 years of age on routine examination, when no signs of iritis were found but ametropia amblyopia was confirmed). No visual field defects were found with the Goldmann method. The patient's full-field ERG was markedly reduced (Table 1 and Fig. 1 ). The reduction in rod and cone b-wave amplitude was statistically significant compared to normal controls. The EOG result was normal (Arden index: right eye 1.8 and left eye 1.6). No retinal or vitreous pathology was found on fundus examination (Fig. 2) .
In June 1997 the medication was terminated because of the described ocular side-effects and also because of a cardiomyopathy possibly caused by methotrexate, according to the patient's cardiologist. Follow-up examinations demonstrated a remarkable recovery of retinal function (Table 1) . The rod and cone responses in fullfield ERG improved during the following years. After 3 years, there was a four-fold increase in the isolated rod response and a three-fold increase in the combined rod-cone response. The isolated cone b-wave amplitude was doubled. Multifocal ERG, performed only at the last examination in 1999, demonstrated normal macular function.
Discussion
Methotrexate is known to have several adverse effects on different tissues of the eye (Imperia et al. 1989 ). However, only two studies have documented retinal pathology in humans, demonstrating pigmentary retinal epithelium changes in patients treated for malignant neoplasms (Millay et al. 1986; Fishburne et al. 1997) . No electrophysiological evaluation of retinal function was performed in those cases. The present study demonstrates the recovery of retinal function in a young boy after terminating treatment with methotrexate. The dose of methotrexate given to this patient is an ordinary dose for children with juvenile arthritis. The ERG amplitudes increased considerably Table 1 . ERG results of the patient treated with methotrexate. Full-field ERG amplitudes were assessed at three different examinations, demonstrating a normalization of the amplitudes with three different stimuli. The rods were stimulated after 40 min of dark adaptation with a dim blue single flash (30 ms, Wratten filter nos. 47, 47A and 47B). The total retinal response was obtained by stimulating the dark adapted eye with a weak (0.81 cd-s/m 2 ) single flash of white light. Isolated cone responses were obtained with 30 Hz flickering white light (0.81 cd-s/m 2 ) averaged from 20 sweeps, without background illumination on the Ganzfield screen and without previous light adaptation. Normative values are presented both as the median (95% confidence interval) and as the mean AE 2 SD. during a period of approximately 3 years after the treatment was terminated. This is the first report demonstrating a possible association between retinal dysfunction verified with ERG, and oral methotrexate medication in humans. Millay et al. (1986) reported macular oedema and pigment epithelial changes in a patient who received an ipsilateral intracarotid injection of methotrexate. We did not find any macular pathology on fundus inspection in our patient at the initial examination and the EOG was normal. The results from the present study indicate that the cause of the reduction in VA may be a generalized photoreceptor or inner retina dysfunction, and not accumulation of the drug in the macula or in the pigment epithelium.
In conclusion, this case report demonstrates reversible retinal dysfunction possibly caused by methotrexate. Patients with visual disturbance, who are on longterm systemic medication, should be investigated using electrophysiological methods before excluding the drug as a potential pathogenic cause of the visual dysfunction. 
